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Abstract

A pot experiment was carried out to study the effects of organic manures on nitrogen, phosphorus, potassium and sulphur concentrations in
grain, husk, stem and root of rice grown in an arsenic contaminated soil. Randomized Complete Block Design with three replications was
followed where each pot received an equal amount of N, P, K and S to sustain normal plant growth. N, P, K and S concentration in grain,
husk, straw and root of rice plant were increased with organic manure application compared to control treatment. This study considered rice
husk and root along with grain and straw as they have value to increase soil nutrient by recycling. Arsenic contamination becoming a con-
cerning issue because its contamination in many agricultural soil is increasing following contamination in groundwater. This study conclud-
ed that organic manure is effective in arsenic contaminated soil to increase N, P, K and S concentration in rice plant.
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Introduction

Soil degradation is said to be occurring in Bangladesh due to
the intensification of crop cultivation and the advance of
monoculture rice and providing imbalance nutrient base to
their crop with the increasing cropping intensity. The use of
chemical fertilizer is also increasing in Bangladesh. Soil fer-
tility is degraded due to indiscriminate and inefficient use of
chemical fertilizer (Rahman and Moral, 2006). Soil for
intensive crop cultivation without replenishing it with nutri-
ents is causing nutrient mining to an extent that ultimately
will make it barren. The fertility of most of our soils has
deteriorated over the years (Ali et al., 1997) which is respon-
sible for national yield stagnation and in some cases, even
declining crop yields (Cassman et al., 1997). The decline or
stagnation of major crop yields in Bangladesh is the cumula-
tive effect of many soil related constraints among them the
important ones are depletion of soil organic matter, nutrient
mining, scant use of bio and organic fertilizer and poor man-
agement practices (Hossain, 2001). Where a good soil
should have more than 3.5% organic matter in Bangladesh,
most soils have less than 1.7% and some soils have even less
than 1% organic matter (Fertilizer Recommendation Guide,
2005). Yet, the country achieved impressive gains in food
grain production by increasing fertilizer use, investing in irri-
gation and adopting modern seed varieties (Rahman and
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Moral, 2006). Most of the soils of Bangladesh show an
improved response when organic matter is incorporated
along with inorganic fertilizers. The availability of N, P and
K increased in the soil with the addition of organic amend-
ments, either alone or in combination with inorganic fertiliz-
ers (Khatik and Dikshit, 2001).

Organic matter is a complex and dynamic soil component
that exerts a major influence on soil behaviour, properties
and function in the ecosystem. Organic matter greatly
enhances the usefulness of soils for plant production.
Nitrogen, phosphorus, sulphur and micronutrients are stored
as constituents of soil organic matter until released by min-
eralization. Organic manure significantly increased soil
organic matter content, EDTA-extractable Fe, Zn, Cu and
plant available N, P and K (Rezaenejad and Afyuni, 2001).
Organic substances dissolve phosphorus, calcium and mag-
nesium carbonates and other compounds by various products
of microbial activity and organic acids associated with
humus also accelerate the release of nutrient elements from
mineral structures (Brady and Weil, 1996). All these phe-
nomena are undoubtedly of very great importance in the soil
because they are responsible for bringing about the conver-
sion of a number of chemical elements into forms available
to plants.
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In 52 districts among the 64 districts of Bangladesh, the
groundwater arsenic value exceeded the recommended value
of WHO (0.01 mg/L) (Dhar et al., 1997). Significant positive
correlation was observed between groundwater arsenic and
total arsenic levels in surface as well as sub-surface soils
(Biswas et al., 2003). As many agricultural soils in
Bangladesh are becoming contaminated with arsenic, there
is a need to observe the organic matter effect on nutrient
availability in soil and transfer of nutrients from soil to plant
organ. A number of reports are available on the nutrient con-
tents of rice grain and straw but very few reports are avail-
able on the nutrient contents of rice husk and root. Rice
husks are usually used as fuel and at the end the ashes are
being recycled to the crop fields. Plant roots are being recy-
cled in the crop fields. It would be important to know the
nutrients contents of rice husk and straw to know the amount
of nutrients being recycled in the rice fields. Therefore, a pot
experiment was conducted to investigate the role of different
manures on nutrient partitioning in Boro rice grown on an
arsenic contaminated soil.

Materials and Methods

Arsenic contaminated soils were collected from Krishnagar
union of Faridpur Sadar. The bulk soil (110 Kg) was collect-
ed at a depth of 0-15 cm. After collection, soil was prepared
for initial chemical analysis in the laboratory of Soil Science
Division, Bangladesh Institute of Nuclear Agriculture,
Mymensingh. The unwanted materials like pebbles, plant
roots, etc were removed from the bulk soil. The soil was
dried in the sun and the clods were broken and followed by
grinding and sieved with 2 mm sieve. The soil was silt loam
in texture having pH 7.32. Initially chemical analysis was
conducted to analyse this soil and found organic matter
1.92%, total N 0.31%, available P 19.4 ppm, exchangeable K
0.48 me%, available S 19.2 ppm and total As 54.54 ppm.
Cowdung, poultry manure, wild aroids and water hyacinth
were collected and kept in bucket for decomposition. After
one month the organic manures were completely decom-
posed and then allowed to dry under sunlight. After drying,

Table I. Chemical properties of organic manure
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the composts were ground and sieved with 2 mm sieve.
Finely ground sieved organic manures were kept in poly bag
for initial chemical analysis and finally to use in pot for
growing of rice. The chemical composition of different
organic manures is presented in Table I.

A pot experiment was carried out at the net house of BINA,
Mymensingh during January to May, 2004. Fifteen plastic
pots were taken, those were 16 cm in diameter and 17 cm in
height. Two and a half kg soil was taken in each pot and then
the soil was mixed with organic manure and chemical fertil-
izer. There were all together 15 pots comprising 5 different
treatments with 3 replications. There were five treatments in
the experiment- T,: Control, T,: Cowdung, Tjz: Poultry
manure, T,: Water hyacinth compost and Ts: Wild aroids
compost. The rate of compost application was 20 g/pot.
Nitrogen (0.89 g/pot), phosphorus (0.238 g/pot), potassium
(0.134 g/pot), sulphur (0.279 g/pot) and zinc (0.0043 g/pot)
were applied from urea, TSP, MOP, gypsum and zinc oxide.
Thirty days old healthy seedlings were transplanted in one
hill at the central position of each pot. After transplanting 5-
6 cm water was maintained in each pot throughout the
growth period. Top dressing of urea was done at the maxi-
mum tillering and panicle initiation stages. The crop was
harvested on 15 May, 2004 at maturity. Roots of rice plants
were separated from the stem. The rice husks were separat-
ed from the rice grain. The different plant parts were
analysed for N, P and K using standard methods (Page et al.,
1982). The analysis of variance for nutrient concentration
was done following the F-statistics. The mean comparisons
of the treatments were made by the Duncan's Multiple Range
test (DMRT) (Gomez and Gomez, 1984).

Results and Discussion
Nitrogen concentration

The treatments comprising different organic manures
showed higher percentage of nitrogen in rice plant than the
control treatment (Table I1). Nitrogen concentration in rice
grain ranged from 1.4% to 1.6%. The highest N content in

Organic manures Total N (%)

Total P (%)

Cowdung 2.64 0.93
Poultry manure 2.36 1.66
Water hyacinth compost 4.01 1.84

Wild aroid compost 2.29 0.58

Total K (%) Total S (%) Total As (ppm)
1.66 0.06 0.69
0.57 0.80 1.49
1.77 0.85 3.08
1.56 0.22 0.79
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Table I1. Effects of organic manure on N and P concentrations in grain, husk, straw and root of Boro rice
Treatment Nitrogen concentration (%) Phosphorus concentration (%)

Grain Husk Straw Root Grain Husk Straw Root
T, : Control 1.40b 0.74 b 0.61b 0.64b 0.17b 0.33¢c 0.037c | 0.46¢
T, : Cowdung 1.60 a 0.86 a 0.8la 0.80 a 0.17b 0.44 a 0.041c | 054b
T3 : Poultry 1.46b 0.72b 0.67 b 0.65b 0.17b 0.46 a 0.039c | 047¢c
manure
T, : Water 156 a 0.86 a 0.77 a 0.71b 0.20a 0.34 bc 0.088a | 0.66a
hyacinth compost
Ts : Wild aroid 141b 0.69b 0.64b 0.66 b 0.18 ab 0.35hb 0.072b | 0.63a
compost
L8V6| of ** * ** * * *% ** **%
significance
LSD Value 0.084 0.1031 0.0595 0.084 0.0188 0.022 0.0072 | 0.0595
CV (%) 3.32 7.32 5.36 6.78 3.57 3.36 10.30 4.16

Means followed by the same letter in a column are not significantly different by DMRT

**= Significant at 1% level of probability
*= Significant at 5% level of probability
CV (%)= Co-efficient of variation

grain (1.6%) was found in the treatment T, that was statisti-
cally identical with treatment T,. The rest of the treatments
were identical in grain-N concentration. In husk, nitrogen
concentration ranged from 0.69 to 0.86% over the treat-
ments. The highest N concentration in the husk (0.86%) was
found in the T, and T, treatments and was statistically supe-
rior to all other treatments. Nitrogen concentration in husk of
T,, T3 and Ty treatments were statistically similar. The N
concentration in rice straw was significantly influenced by
the application of different manures, ranging from 0.61% to
0.81%. The highest N concentration was recorded in the
treatment T,, which was statistically similar to T, treatment.
The lowest N concentration (0.61%) was recorded in the
control (T,) treatment that was statistically similar to T, and
T, treatments. In root, the maximum N concentration
(0.80%) was found in T, treatment and it was statistically
superior than all other treatments. The minimum N concen-
tration (0.64%) was found in T, (control) treatment and was
statistically identical with T, T, and T treatments.

The increasing concentration of N in grain, husk, straw and
root of organic manure treated pots indicate that organic
manures increased availability of N in the soil which inturn
increased the N contents in rice grain, straw and root (Khatik
and Dikshil 2001). The higher N content in plant after organ-
ic manure application was also observed by Gupta (1979).

Nitrogen can be found in two significant forms in the com-
post. It can be present in the inorganic forms of nitrate nitro-
gen and ammonium nitrogen. In most of nitrogen in compost
is bound within organic molecules. The nitrogen forms are
immediately available for absorption by plants while the
availability of the organic form depends on how rapidly the
microorganism breakdown the compost. Nitrogen concentra-
tion was found more in grain than straw and root. The
increasing effect of organic manures on the N content of
grain and straw of rice was ranked in the order of cowdung
> water hyacinth compost > poultry manure > wild aroid
compost.

Phosphorus concentration

The phosphorus concentration in grain, husk, straw and root
was statistically influenced by different treatments (Table I1).
Phosphorus concentration in grain, husk, root and straw of
rice was ranked in the order of root > husk > grain > straw.
In rice grain, highest P concentration (0.20%) was observed
in the treatment T, which was statistically identical to Ty
treatment. The treatments T, T4, T, and T, had the identical
P concentration in grain. In husk, P concentration ranged
from 0.33 to 0.46% in different treatments. Maximum P con-
centration (0.46%) was observed in treatment T; that was
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statistically identical to T,. The lowest husk P (0.33%) con-
centration was found in control treatment (T;), which was
statistically identical to that found in T, treatment. Highest P
concentration in straw was observed in the T, which was sta-
tistically superior to other treatments. Straw P concentration
in Ty was statistically superior to the T;, T, and T; treat-
ments. The lowest P concentration was observed in control
treatment (T,), which was statistically identical to T, and T
and statistically inferior to the T, and T treatments. In root,
the highest P content (0.66%) was noted from T, treatment
which was statistically similar to T treatment. The treatment
T, was statistically inferior to T, and T treatments for P con-
centration in root but superior to T, and T5 treatments. The
lowest P content (0.46%) was recorded in control T, treat-
ment and statistically similar to T, treatment. The highest
phosphorus concentration in different treatments (T, and Ts)
over control (T;) indicated that organic manures increased
the P concentrations in rice grain, husk, straw and root. It
may be due to increasing activity of alkaline phosphatase by
the application of organic manure (Guan, 1989). Organic
materials release phosphorus by mineralization and can
improve phosphorus availability by reducing the tendency of
the mineral fractions to fix phosphorus (Brady and Weil,
1996)
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Potassium concentration

The concentration of K in gain, husk, root and straw was sig-
nificantly influenced by the application of different manures
(Table 111). Among the different plant parts, the concentra-
tion of K was highest in straw followed by husk, root and
grain. The highest value (0.41%) was obtained from the
treatment, which was superior to all other treatments. In
husk, highest K concentration was found in T, treatment,
which was statistically similar to Tg treatment. Again the
treatment T; was statistically identical to that of T, treat-
ment. The lowest potassium (0.50%) content was found in T,
treatment which was statistically similar to T, treatment. In
straw, highest K concentration was observed in T treatment
which was statistically identical to T and T, treatments. The
K concentration in T, was statistically superior to T, treat-
ment but inferior to T and T treatments. The lowest K con-
centration (0.39%) was observed in T, treatment (control). In
root, highest K concentration (0.66%) was recorded in Tg
treatment, which was statistically identical to T, treatment.
Potassium content in T, and T, treatments was statistically
similar and statistically superior to T, treatment and statisti-
cally inferior to that of T, and T5 treatments. The lowest K
content was noted in T, treatment (control) which was sig-
nificantly inferior to all other treatments. Different treat-
ments (T,, T5, T, and Ts) showing apparently higher concen-

Table 111. Effects of organic manure on K and S concentrations in grain, husk, straw and root of Boro rice

Treatment Potassium concentration (%) Sulphur concentration (%)

Grain Husk Straw Root Grain Husk Straw Root
T, : Control 0.31b 0.50 ¢ 0.39¢c 0.33¢c 0.057 ¢ 0.035b 0.073d | 0.047 b
T, : Cowdung 0.31b 0.52¢c 1.05b 0.44b 0.059 be 0.036 b 0.082 cd | 0.065 a
Ts: Poultry manure| 0.34b 0.66 b 1.66 a 0.50 b 0.062 bc 0.040 a 0.089 bc [ 0.047 b
T, : Water 0.34b 0.83 a 1.27 ab 0.6la 0.072 a 0.056 a 0.107a | 0.063 a
Hyacinth compost
Ts : Wild 041a 0.75 ab 1.66 a 0.66 a 0.064 b 0.053 a 0.093 b [0.055 ab
aroid compost
LeVeI Of * *%* ** ** ** ** *%* **x
significance
LSD Value 0.059 0.084 0.4946 0.059 0.0059 0.0065 0.0090 | 0.010
CV (%) 7.32 6.48 21.69 6.77 4.49 7.82 2.22 6.60

Means followed by the same letter in a column are not significantly different by DMRT
**= Significant at 1% level of probability
*= Significant at 5% level of probability
CV (%)= Co-efficient of variation
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tration of K in different parts of rice over control (T,) indi-
cated that organic manures helped in K uptake by rice. The
nutrient of potassium is very important in compost. A high
percentage of K nutrients is usually available to the plant at
the first growing season. Mban et al. (2000) found higher K
content in plots amended with cowdung, pig manure and
poultry droppings relative to the unamended plots. It was
observed that the K content in grain was lower than that of
straw.

Sulphur concentration

The treatment with different types of manures had signifi-
cant effect on S concentration in rice grain, husk, straw and
root (Table I11). The highest S content (0.072%) in grain was
obtained in T, treatment. The second highest S content
(0.064%) in grain was obtained in T treatment which was
statistically similar to T, and T, treatments. The lowest S
content (0.057%) ingrain was obtained in T, (control) treat-
ment which was statistically inferior to T, and T treatments.
In husk, the S concentration varied from 0.056 to 0.035%.
The maximum S (0.056%) content was observed in T, treat-
ment that was statistically identical to T and T treatments.
The minimum S content was observed in T, (control) treat-
ment, which was statistically identical to T, treatment. In
straw, the highest S content (0.017%) was observed n T,
treatment. The second highest S concentration (0.093%) was
obtained in T treatment, which was statistically similar to T,
treatment. The lowest S content was obtained in T, (control)
treatment that was statistically similar to the T, treatment. In
root, the T, treatment contained highest S concentration,
which was statistically similar to T, and T treatments.
Control treatment T, and T, treatments showed identical S
content in rice root. The results indicated that S content in
grain, husk, straw and root of rice increased with the appli-
cation of organic manures. Release of sulphur from organic
matter usually constitutes the largest supply of sulphur to
soil solution. Sulphur released from organic matter in oxi-
dized to sulphate by sulphur-oxidizing microorganisms. This
sulphate in the soil solution is immediately available for
uptake. Kim et al. (1985) found increased S content with
increasing rate of FYM.

Conclusion

Highest N, P, K and S concentration in grain were found T,,
T,, Ts and T, treatments, respectively. In husk, highest con-
centration of N, P, K and S was obtained in T,, T3, T,, and T,
treatments, respectively. In root of rice, treatments T, T,, Ts

and T, had the highest amount of N, P, K and S concentra-
tion, respectively. In straw highest concentration of N, P, K
and S was found in T,, T,, T5 and T, treatments, respective-
ly. So, it can be concluded that Organic manure is effective
in arsenic contaminated soil where their application of
organic manures increase N, P, K and S in rice grain, husk,
straw and root. These increased nutrients in straw and root
can be added again to soil by recycling. However, studies
under field condition are necessary to validate the present
findings and further investigation is needed to observe the
effect of organic manures on rice grown on As contaminated
soil and uncontaminated soil to make a comparison.
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